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[0 0 4 7 ] {14)^»r[5rgS3£ft^*tlT^^^ 

B©IS§§5£3*. t&fe^tlS, 2 5©&ateC, IB 
!lM7f 16, 2 6 KiffiftS^SM I 0 * ^JEEffil 

f 0= CS/2n) f CLK 
9 i?*))si'>tt4if<Z)&hnimUM'V$>0* fill 

[0 0 5 1 ] Lt^U T+aAU-^^fH 0 

ttML^. £©X:/U Mb- 
J&W&^-f V$ hf^f v^^-»-fe-y-f1fT«» ROM 

6 t= ( (2n-l-0p) /S) • T 

<5 t= ( C4-3) /3) * T = T/3 
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Acm/Etc^s^n, 7>yi&mj[EVs tLrmtt^n 

(t-t 0 ) -(13) 

MBEfe^0iS2 0 B©Kjfm. WbA^^n^i? 

l\zmm\^X&r> y ^fg^BEVk ©<£TjW8 

mm(Dmttmm<nfa±&-ejmx'fcz> <> 

[0 0 4 8] {^Kft-»-irif-f+f©»i(O^Jfi©l8)ia 

[0 0 4 9] [Eltr&^T, M&St^^-fe-tf-f-tftt, 7* 
aA^40A, ^fMIeJES 5 OA, »0g§6 
OA, ±i^t^^E^C07 P D^^-7^;l/ji^%^t§7 0 
CJ: D^JSjc^n^o 7 + aAl/^4 0 A (4, *Q#t§4 
1 A*3J:^7y5 L 4 2 A*Cct0«fi£Sns. 39!£f-^ 
SA^Sf 1 0 2jG*e>A#$n5K3£x-*Ste, 7+ 
o.AU-^4 0 A©£P^§§4 I Ajo&Tf'Ju'fy^-?)], 

^e»A^$nS^n-/^t4, T^rn-k. 4 0 A© :7 

^4 2 A*5*fc^P^7-7r;Uji2E|g^i|7 0 (C-^X. 

ens. 

[0 0 5 0] @6t4, 7+aAl/-^4 0A(?)MI 

3, U3£T-^Stt3T*5. T^AU-^©^^ 

-^dOfiltteyh^MSBtt 2" =8^Py^ 

J^8©i^rai^tcS = 3/t;p^$^T?^-5 0 

T. ^©TO/M&f o ^Py^^iS»*f 

CLK^i. 

-(15) 

[0 0 5 2] *7U7*/$#£fflASffi©;£fe<fc 
IT, {£ffiffira©^g#3B6nTl>5 :V. Re i 

nhardt et al. t "A short survey of frequency synthe 
sizer techniQues" , in Proc. 40th Annual Frequency 
Control symp. , pp. 355-365. May 1986). im&ffl(D^ 

m\t, me\z^r^o\z, &tjmn 9 M sb <d&/vi> 

X&rt)\sZ>z:£lzm}££-&X 6 ideal £3g£2-£ 

Z\<Dn)\s7,<Dm&m6 t tt, flMSB*^-t^ 
uli!fi©<9©{ig£<9p £T&£. 
-(16) 

ffitf^ttntf, 6idea 1 ® 1^>S(7)/WX(C— ST 

[0053] '<£m<Dimmffl<D^&ti,xte. &mm& 
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&3lsIfcT«j£T3jI3£fB£8§ m^XM : H. Nosaka e 
t al. , "A phase interpolation direct digital synth 
esizer with a digitally controlled delay generato 
r" , in 1997 Symp. VLSI Circuits Dig., pp. 75-76, Ju 
ne 1997)^. ig3£*&©* y Zf*ty iyWX%2<< ^(DMM 
3S£& (##£fiJC : V. N. Kochemasov et al. , "Digital- 
computer synthesizers of two-level signalswith pha 
se-error compensation" , Telecommunications and ra 
dio engineering, vol. 36/37. pp. 55-59, Oct. 1982) # 

~v&> o , sfzmmmmmnMmm L^t^o rasa* 

[0 0 5 4] tmitttfGWvzfnif^zffrjS&fttk 

[0 0 5 5] 7 + aAl/-^4 0 AcDOi^x-^ 0 (4, 
0 1 £\^TZfuyy^7)VM&m$L^7 OKA 

[0 0 5 6] 5 0 A(4, (lWatiOSH^ 

&7 OK^ASaSJt^-^K^tbTrrSc ^-^^0 
g§5 0A(4, C©«lp:Sllf$«»lHlK-C#lfi6-r5Cli:^ 
T£5#, cfc0fffim&2<Z)ffi»iaJ? (6>P fteyhSS 

teu se>*ci&jnj!tr^jsc) ©gSTfeisii;^^ 

•y^$<7){§^£K$H*-:/;Wf^2 0 ltLTHl^ 

JimnM1lffi=?3 0 2lz&QM2tlZ>t£.*>\z* KMU 
0 3<hLT:/D^-T:7*;L«£?g£g£7 ok 

[0 0 5 7] CCDi^&fllfiRUcfcO, yn^^v^;i/il 
®!6^|g7 0«(16)^t^-rig2EB$ra*^U, 0 5(3 

[0 0 5 8] 07H ^&£^>>^+Mlf£>fSlc^;&£ 
^Sg®ifrf^0iJ^-r^-fA^r-hT&S. (a) tt^ □ 
7^301, (b) (47*:xAl/-^4 0 AOtB^-^ 

0, (c) afflux-* 0<z>fi±ftfcf*;/ he MSB , (d) 

tt7>y&fSI3£Vs , (e) «KW'f*-rMf2 0 



i. (o te&Mii£vk , (g) fim^m^3 0 2 4 (h) 

teK{BiJU-^f§^2 0 3, (i) (iSffilU-^d^l 0 3 

■ess. 

[0 0 5 9] £43, 7 + aAl/-^4 0 AOtfy h&n 

[0060] 7>ywv s \tm^-9s\zitm 
j^#i g m £ -t± m # ( c ^ m u ^ > y & ( c & o t ^ s o 

KflH*-:/;WI^2 0 1(4, 0MSB^-t^^ 
<5>^l^n *y 9mztL%±tfl*)fr-DJVV*mtit 1 

A^&ta^snass^-^K (=2n-i-ep )tc 

rTifcSSA;|/XSoffi^3 0 2#aj2j3ttS. d 
£)£B?7{§^3 0 2(4, K$J'J-^f§^2 0 3iUT7°P 
^7V:/;UiS5§fS£ffi7 0C7^-hV\'7^$n, «fig 
HffiVk €rU-fe^/ hUT^<OWMISJEie^(3filAS, * 
fc. 0 3(4, g±&tfy he M SB<*> 

7>^fEVs ^'JtvTO, liLttDgjfetr^D, 
#/WX7W(SJRSK:3£tf, ^^^^t^^jm^3 0 2 

[0 0 6 1] tB*a(:^;i/7'j7^7D7^ 

(T-FF) Srtflnrrst, x^-tV Jt50*<73je^ifc 

<0£#fcli£&ti (15) ^©^HftS. 
[0 0 6 2 ] 0 8 (4, m&LWCi' *5<D% 1 ©S$6fi 

M&<Dnikm&&m-?* ^p^77^iig»4g7o 

^^;HelES(4CMOSS«(Snvy^T«lfl3cUfc. ^ a *y 
^Eifc&tt 200kHz, 7^aA!/-^4OA0t*7^ 
n(48. t££x-^S(496<hU *7u *f=y v7;Wg5Ef£ 
£&7 0<D«#rai£af o t4(15)iCJ:D 
f 0 = (96/256) • f CLK = (3/8) - f C LK = 7 
5kHz 

ife&£37.5kHz£Lfc. (a) ^□•^301, (d) (4 
7>7irif£Vs , (f) (4^fitmvk , (g) (4T r ^-- 

[0 0 6 3 ] 0 9(4, H^y>W^lcoiI 

-F FtH^coS^i^^37. 5kHz*5cfc^©SWifeWn 
<0*®i£ (xyj/X^) (4^:^<il?A'bnT^0, 
®^Tfc-50d B c OTT*-5C(h^5. 
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[0 0 6 4] m&&i'>tt<iif<Dm2<Dn&wmm 
ion. ^mm<D^a^^Tzf)vm^±^m^rzm 

[0 0 6 5] gfc&^T, >-felM-tm, 7* 

aAl/-^4 0B, x-*£JSIIsII&5 0 B, fflfil[II&6 

OB, *KW<D7nl/7V7)\,im%±&7 oiz&om 
f&2ftZ>o 0 BH 3to3¥SS4 1 B*J; 

#7s/^4 2BKcfcO«JiE£nS. ^r-^SAM 
^1 0 2^SA*$nsta^x-^SJi, 7^AK 
*4 0 B<0JnJ¥&4 1 B43cfc^n^7V^;Uji3£fE^ 
5 t = ( (2 n-0) /S) • T 

[0 0 6 7 ] x-^&[Eli&5 0 Bti, (m^cD^rxx 
-^2n -0£i*JfU 7n^^:7Jlog3£fB±8§7 
Otl^-x.^^x-^K^UJ^T^o fWWlHrK6 0 B 

K$H*-7)Um^2 0 1 iLTHJ^ 0 ^P^77 
^£5£36££7 OtDtB^fi-^te. ffl^fMtH^aSfx 3 
0 2[C&9tti£tl££i:&tC, KfidU-^ii#2 0 3 t 
bT7 P D^^T^ig^^7 0tC7W-hV\*^£ 

[0 0 6 8] C<7)J;?&;$F/5JtKJ;D, -fuif^-f)VA 
mi3l%\Zh#)l'7 l )y77ny7 (T-FF) £tt 

5 t = ( (S-0) /S) • T 

[0 0 7 2] x-^«[5Ig&5 0 Cti, (18)5ttf)^xx 
-^S-0£SWL. 7d^t:/;WI®SB£8&7 OK 

^Asi££x-^K£m?7-f3 0 $ip(hisss6 o ch o 
FDmn&frfcLfzmz 1 ^n^ii&att&fgftss 

5 >y© 1 ^n^ftff(c£-£±7^r). ao/W 
^D-y^^^<7)m^^KiH^-^;i/ft-^2 0 

m^m^m^ssi^s o 2(c^oai$nstt 

fe(C, Kffl!JU-^m#2 0 3<hLT^n^^V^;Uil3£ 
[0 0 7 3] CCDJ;5^l:j:0. -futf^lffrm. 

&5g£g£7 ota us) aK^Tii&i$ra£fe£u Ell 1 

mi}mzh#)VyVy-7ynyZf (T-FF) £tt 



gg7 0£g85£;*ft5. ^□^^A^f3 0 1^bA^) 

BfcJitfc/D^v^il&fg^gg? OK^ASn*. 
[0 0 6 6] 7+j.AL^"^4OB(7)tii^f-3'0H 
x-^SHUKS OBiScfc^ffiflfflllHlKe OBKAASn 
5„ 7 , +JLAU-^4OB0jn»S4 1 B*^ffi^j$n 

«aw(«r8&6 o BtcA^f^n^iifeic. s«H^-y;u 

{1^1 0 l£LT:/p^v:/jHI&§££§§7 OKA* 
-(17) 

[0 0 6 9 ] mmLisytt^Vtomztonffimmw 

^V>-tr^1f(D^3(7)^^^^t* 0 
[0 0 7 0] EK&^T, M&ft-»-fe-!t-riftt, 7* 

□.a^4oc, x-^&iHig&s oc, mwiorKe 

0C, *ffflto'7u>f 1 7'?7)\,mMft£&7 oiz&vm 
fiK^n^o T + zlAU-^4 0 Cti, JnJ¥S4 1 C43«fc 
^7^?42Cl:J;0MSns. ^f-^SA^Ji 

^ i o 2^'bA^^ns^a r -^sti, r^iAU- 

^4 0 C©M^4 1 CiSct^Py^T^JUjl^* 
S7 0i:K^Sn5. ^□7^AMf3 0 1^bA^ 
SnS^Py^te, 7 + aAl/-^4OC077?42 
C & cttX^P ^7-e^;i/jg®«*S 7 0 tC-^X. £>ft% 0 
[0 0 7 1 ] 7+aAU-^4 0 C CDfcJjy'-? 9 
x-^1»!&5 0 C:fcJ;££fM[H]&6 OCKA^n 

So 7+jlau-^4 oc©nn3¥»4 i c^etH^jsn 

S^--A*-70— M^ti, 77f42C^LTl^n 

Ci5j:OTlPlEl^6 0 CtcA^J^nsttfetc, SfflK 
*-:/;H§*tl 0 1 ii\sT7u>f : 7^7)Vms&f££&7 

otcAJjSft*. OFDfi^^ 

-(18) 
5) 5£<7)¥#KftS 0 

[0074] Giigsg©3s i (Dmmmm) gun * 

[0 0 7 5 ] EK*3trVT\ #3=f?^ 5 0 0 tt^iH0K, 
5 0 1-5 0 3, 5 0 5-5 0 7 teF3f5£©mSK£fiitLj£ ! 

5 0 9-5 11, 5 1 3—5 1 5te§ffi, 5 

1 7-5 1 9. 5 2 1-5 2 3H^7^ 5 2 5, 5 

2 6, 5 2 8, 5 2 9te3>A°U-?, 531, 53 
2, 5 3 4, 5 3 5 ^;i/X*gg9SHIgS, 5 3 7, 5 3 
8, 5 4 0, 5 4 1 tiD — F F , 5 4 3ttORy-h. 
5 4 4te7>->3 *y h • 6 0 0 

ttjif&^^A^iss^, 6 o latb^ssx^sur^s. 

[0 0 7 6] ^JfiJBffitt. 4f@©ig5£%£g§£^Are 
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S&^3<o'gBE|e^S^ (1/4) T©iI3®fS|y]£fE 

[0 0 7 7] m^X-f *y^5 0 1, §tt5 0 9. X< *y 
^5 1 7H^l©ii3®5fi^S©Hlffi«ffiVlSr5e*L, 
WfcX-f 0 3, §15 11, X<yf5 19«i 

l^il^^C7)^>y^V3^^^-r^o VIRtfV 
3^m/£^it^T§3>/^-^ 5 2 5<Z)ffl^(i^l© 
i§3£fE£&<om2/£fcS. /W*J@H8ffil§l&5 3 1 telg 

[0 0 7 8] ^ftX-f^S 0 2, ^15 10. X< y 
^5 1 8tt^2©iS3S5fi^gg<75BBfii^lEEV2*5e±L/ 1 
«SftX< y^S 0 3, §ffi5 11, X^7?519lil 

m 1 ©ii&B£8&CD7 2 <DmM%±&<n 5 > 

[0 0 7 9] MX-f <y^5 0 5, §ffi5 13, X-f «y 
f52 l«m3<OS®^S©iaafii1iBEV4Srfg^L, 
l^X-l'^yf 5 0 7, ^15 15, X -Ty 5 1 5 2 3 teig 
3(D^15g%^§§(7)^>y^V6 £iS£-f 

[0 0 8 0] 31tfftX-f >y^5 0 6, §15 14, X<7 
f 5 2 2«?64(OS3f%*ffi(OHM«/EV5S:fE^L. 
ISX^y^S 0 7, §15 15, 2 3 tt^ 

4(Di§JI^3£g§CD^>7 P i£V 6 £fg3rT5. d(DV6ti 
§1 3 ^ >^chm 4 (OjiS^e^S© 7 > 

[0081] gun inssom 1 ofmmt&owift 

^^-rAft-ht^l), (a) tt«jffif&m# 
(CLK) , (b) tt^BHIslKS 0 Ofct! (CLK 

1) , (c) ti^SEtHlS&5 0 O^ffiffi^ (CLK 2) , 

(d) a^KogsE^ffioiaiiismffivi, &2©ji& 

(^i&2OSg&%£§§G0^>:/i&) V3, (e) ti^3 
<Big®fg£8©IW«ffiV4, ^4©iE3ffi5E^SOlWfii 
mJEV5, &3©igS£££©7>:/i£ <^4©ig3g 
^£gg<£>7>7&) V6, (f) ttjlftg©^ 1 ©HJfi 

[0 0 8 2] 0 0KT-FFO*"efllsfiS 

n, feilfglS^ (CLK) <D/V]sA<DAJlt£*>lZ*-<D 
ttiljZ&fcZVZ ( (b) CLK1, (c) CLK 

2) o CLKlJ&VWttlSKftSt, i^-f^fSO 
1, 5 0 2^>^«0, ^ffltCtfcWL/T§S5 0 

9, 5 1 otcmffia^r-^s nrt0<, wimfemmo 
mmTfimM-rzt, clkia^-w:^o. ^ 

>Al/-^5 2 5. 5 2 6©A^<>tf-^>X^+» 



tiiSttnti. §ffis 0 9, 5ioi:ft-y$nfet^ 
te&f#£n£ 0 i^x-f^fsoL 502^ 

KT^TSt, §M5 0 9,5 1 OCOHHV 1, V2 
telEi^d : 3£fc*>o 
[0 0 8 3 3 — CLKl*VWttS8<Z)flSfBI. X<y 

^5 i 9iit>^i-r*o, §ffl5 i KDnffiitficnz 

nxt^o CLKl^P-«i0. ^l:CLK2 

t^< 0 i^7f5 0 3oi«, mm 

^T^b (1/4) TfiifiSgKl. §»5 1 1£>H/£V3 
tiVltC-lfeU (3/4) THSjS^V2(C-§a-r 
3 D H>A°t/-^ 5 2 5ted(0 (1/4) Ttf)5M 5 > 

y£&ttiL,-ah27 (^i^ii®^^g§m^) u 3>/t 

U-9 5 2 6\tZ.<D (3/4) T©^-f 5 L 
Ttti* (Sl2<Z)il3g9B£gai20 T-So /W*«SW8E[§f 
SS5 3 1, 5 3 2c7)tB^ (col, c o 2) teD-FF 
5 3 7, 5 3 8<D±y bAJlffi z ?lZj£M2tL* Z\tL*><D 
D-FF£t>»T5. cntlcfcOX-r <y^5 1 
7, 5 lS^t^lt^O. M5 0 9, 5 1 0 0® 

[0 0 8 4] SS 3 ©jS3E3S£g§, ^4©ji3®«^S(Z)» 
T^b (1/2) TJSja^/^XBHSfilHll&S 3 2*< 

avux^hh^l, 2btc (i/2) rmM&iz/visxm 

SBSIhIKS 3 47&Vi;UX$tH^3L, (1/2) T 

jgia^tC/^;UX*igSSlHlB&5 3 s^v^ux^tH^-r^i^j 

7»3 y h * ^JW-fy'l/-^ 5 4 4T^5n5 
a 8 ;ux*I£#o, (1/2) TC^iSm^SrtH^ 

[0 0 8 5 ] mm&vm i ©^ssj^sitt, s^^ss: 
s-arscttc^t), ^iJ^T&xyurx&tjB^fi^ 

d^bo-rn^, m^m&^s^&oT&xyuyx 

[0086] *mmj&fflz&tfz>mi&ft£&Q>j& 
mmmit d/4) t, (3/4) T<Dm&&mizm*< 

Gto&tmmzttttiz. mux* o. (1/2) t 

<0«a*^to-&. (1/2) T, (2/2) TCOffi*^*) 
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mmz^tzt. a/4) t. 0/4) t©^ 

[0 0 8 7] (ilfggg^^ 2 O^SSJ^) * 

[0 0 8 8] l|[;i3^T, U^ft^ 5 0 0 a te^EleJ 
50U-5 0 8 3^^^^^^^^^ 

3\ 5 0 9 a-516a te^ft, 5 1 7a-5 2 4 afi 
Xfy^. 5 2 5 a-5 3 0 att3>/\'l/-^. 53 1 
a~~5 3 6 ate/V)/ZmM&\B\$&, 5 3 7 a — 5 4 2 a 
tiD-FF, 5 4 3 a«ORy-h, 5 4 4 afi7>-> 
37h - 6 0 0 a «ttjlte<g^A 

JjJfll^. 6 0 1 afi[lj»^LTl^ 0 

[0 0 8 9 ] xmmwffix* 6®©5i&3fi£s§€r£A>T 

&&tfm4<oa3£3S£&# (1/6) T(Dji3£l$ra£3£ 
41. ^2©S3®»4g&acm5©ji3®^S^ (3/ 
6) T<2»P#p a 1£fi!£U ^3<oaS^g|&^|g6 
<Oiia£3S£3g# (5/6) T©®jaE|$H£iS£-rs. 
[0 0 9 0 ] Wrf^Mttji^g&omKO^JIS^IStl^i; 

WMTs-C 7f501a, §1:5 0 9 a, X-f «y^5 1 7 
a«^l©jl^f!*gg(OWl[fii3EVl$^U, MM* 
<7f5 0 4 a, §I5 12a, >y ^ 5 2 0 a tefg 
l©i§3Efg£&<©^>7&V4£f££-rS. V1RZSV 
4©«/£&Jtifirr5 3>/1U-^5 2 5 aCDffi^jttlgl 
©®S§e£3g<0ffi2j£fc£. /^X*gHSIiIB&5 3 1 a 

[0091] iwn jif&s©^ 2 <D^mmm<^m^ 

OT^T^< A^-v-hTSS. (a) ttttji{&m*f 
(CLK) , (b) tt^SHUBSS 0 0 affi^J (CLK 

1) , Cc) K#SS[hI&5 0 0 ammttijj (CLK 

2) , (d) tem 1 <0®£fE£ffi®HfiSm/EV 1 , SS2 

iffiV3, !gi©ii3£fe*a&©7>^ (^2, 353 
<Dmmm£.^v>7>7m V4. (e) ttss4©g3i£5s 

6, ^6C0jiS£ie^ffi<OHfifiiaEV7, SS 4 <7)jg3£3B£ 

V8. (f) ttji«S©^2©^ffl^fi8©as^Tfta. 
[0 0 9 2 ] #EtHlS&5 0 0 a^CLKUVWt*; 
it^^t, li^^'^SOla. 5 0 2 a, 503 
a#*>ttffi(c&?), HSM^JtWUTSfikS 0 9 a, 5 
10 a, 5 11 af:t^t-y$nti0<. ftjifg 

woraffiT^Sia-rst. clki# 

0, «-f-yf 50 1a. 5 0 2 a, 5 0 3 a^t7 



VimzmZo Z\Z\X% 3>^l/-^5 2 5 a, 526 
a, 5 2 7 a©X*-f >tT-^>^^i-^tCfiittntf. 
§15 0 9 a, 5 10a. 5 1 1 allf t-y^nfci 
ffifttffififSn*. CCT% 1^7f50 1a. 5 0 
2 a, 5 0 3 a<DmiMM% 1 : 3 : 5 Hfc-SiS ICx— 

SfctiA-KTHiS-rst, gi5 0 9 a. 
5 10a, 511a <£>m/£V 1 , V 2 , V 3 telEffilH 
1:3: 5<h&5 0 

[0 0 9 3]— clk i&/\<itm<Dmm. x-f* 

f 5 2 0 aia^->JKJn?*0, §15 12 a<0^tt& 

t^nxi^o clk i#a-ttag(;:j^?K m:cl 

K2aVW4K!6«i:fcS£:, tlX-f>>?5 04aA?t> 

ttHK&o. mmizttm^xmms 1 2 atra^* 

—VSftTtiK. CCT, «SlE^-fy^5 0 4 a<O«flff 
TOfEX<y^5 0 1 a<B6fm;:fcS«fc5K'r-* 
£3ftj£, Sfctt/\-K-p^3iLT*5<. CLK 
2^^^bT^?, (1/6) TSjaSHc, $151 
2a^iHV4ttVl[:-f L, (3/6) T^ii^H 
V2C-tL, (5/6) T)Kja^(CV3(C-BS[-r*. 
3>/1U-^5 2 5 ateiltf) (1/6) Tc0^<5>^ 

-^5 2 6 aUCO (3/6) T<0*< 3 >^£lfcffl U 
TttS^J (3g2<0jI&5i£±8§iii;Jj) L, 3>/*U-*5 2 
7a(i;(D (5/6) T<0^< 5>^«r«ltHLTW^ 
(!H3©«S%£^tiJ^) T*, /WX*SgJ«ls!&5 3 
la, 5 3 2 a, 5 3 3 a cottl^J ( c o 1 , co2, c 
o3) (iD-FF 5 3 7 a. 538a, 5 3 9 a (Diiy 

cntCiOX-f -y^5 1 7 a, 5 18a, 5 19 
atf*>Vtm£tJiQ* §fl5 09a. 510a. 511 

[0 0 9 4] m4~g5 6(D®Sfe£ffi<0l&fm, ±i£L 

fcgs i 3 <Dmmm^<Dm^ttn^rtiT-rn^ z. 

E&531a-5 3 6 a« (1/3) TmzM&lZ/VlX 
sa^TS i!SmtUTiif&S«)^2<o||JE 
MfflZ* 7>y37h-Vj!/W^l/-^5 44 at 
ft£Sn5/t;w!B^, ^ (1/3) T<nm&m 

mnzftjitzcuztez, 
[0 0 9 5] mfe&o>#2<Dmmj&mz* mmm^.m^ 

[0 0 9 6] *Hffl^*C*3ttSjl®5fi*aSfl)ii 
JilSISjtt (1/6) T, (3/6) T, (5/6) T© 
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0. (1/3) T, (2/3) T©*&*£fctt\ (1/ 
3) T, (2/3) T. (3/3) T(7)^^i±^# 

%JfT5t. (1/6) T, (3/6) T, (5/6) 

[0 0 9 7 ] GI{g%<Z)& 3 O^JfiJBffii) 018tt, * 

[0 0 9 8] ElKfcHT, #^8F#5 0 0 b^gBtsJ 
50 lb-5 0 3 b, 5 0 5 b, 5 0 7 bti^CD 

fil^nsm^-f 5 0 9 b- 511 b. 513 

b. 5 15b(#gg, 517b-519b, 521b, 
5 2 3 bteX< 5 2 5 b-5 2 6 b, 5 2 8 bte 
uynu— 531b-~532b, 5 3 4bte/i;UX 
*giSg|E[&, 5 3 7 b-5 3 8 b, 5 4 0 btiD-F 
F, 5 4 3 btJORy-h, 5 44btt7>V37h- 

t^/h^l/-^, 6 o o b\mmmmnxt)^=f. 

6 0 1 btttH^^&aUT^*. 
[0 0 9 9 ] *mMWmx* 3m<^mm^±^^/vX 

(1/6) T<0&£I$p H 1£fg£U ffS 2 cDi§3* fg£ 
(5/6) TCDi§®l$p H 1£f^|=U fil 3 £>i§S£§g£ 
(9/6) TCDM&m$$:¥£3iTZ> 0 

[oioo] wifcmmizmfe&on i, $2 e>mm&m 

mmx-i y^S 0 1 b. §ffi5 0 9 b. X< 
5 17bU«l <DmM%*k®<DMmW£V 1 u , 

HzffEX< 7f 5 0 3 b, §2 5 lib, X-f^f 5 19 
b^l(7)iilg%^t§C0^>7 P ^V3^^^t" -So VI 
&£KV 3 (7)®/E^Jt^T ^ 3 >/S U-^ 5 2 5 b <D\tif] 

i^oiz-?%rz&T$>z> 0 

[0101] S 1 9 ti, £fggg(Z)& 3 <DmMMm<DW}fc 
^mAft-hT^I., (a) ttlfejifgfi-^ 
(CLK) , (b) «5MEIeF*S 5 0 0 b&Jl (CLK 

1) , (c) ^120^5 0 0 biM£B*f (CLK 

2) . (d) ttfg 1 ©jS3g%^»©WHim/£V 1 , fg2 
©iI3i£££<0HffitifiEV2, fglO»g§g£^c£>^> 

7ft (*i2©ajaE%4s<07>^ii![) V3, (e) a 
sg3©jgaE3e4»©ia!ji^ffiv4, ^3©jg®5s^g§© 
7>W5, (f) i*Mttt&<Dm3<DmmBt&<Dmi] 

[0 10 2] ^SHIhISS 5 0 0 b^^CLKl^/W^ 
JifCfcSt, ^SEXf 0 1 b> 5 0 2 baM">4K 

fl&K&O, P*nn(Citfl»JLT§S5 0 9 b, 5 1 0 btcm 



CLKl^P-ttS8l:/j:0. «S^yf5 0 1 
b, 5 0 2 b^7ttfig(CM5. 3>/*U-^ 
5 2 5 b, 5 2 6 bOA^<>e-^>X35*-t-»(cieitt 
n^, §ft5 0 9 b, 5 10 bf:fv-y5nfc^tJ 
&f$£n& 0 CICIT, ^X^f ^5 0 1 b, 5 0 2 b 

-HTHmt, §15 0 9 b, SlObOfEV 
1, V2i*iEmiZl : 5t&4. 
[0 10 3] CLKUVW»m X-fy 

^5 1 9 btt^->tt!KT*0» $15 11 b©^(±ife 
MZtlX^Z* CLK lJ&td-JRJiBKlKO. IPHSKCL 
K2^/W ^flftX-f 7^5 0 3 bA*;t> 

ttiSK&O, f^pPflHitWUT§fi5 1 1 bi:«^t 
-y$nt^<. C^T, ^tftX-f -y^5 0 3 bWil 
^SftX-f ^5 0 1 b{7)6fg^7i^ct^(C^-^ 
SfeHA-KT^Sl/Tfc<, "TSt. CLK 
2d^^±^T^b (1/6) Tjgjg^tC. §15 1 
1 b©«ffiV3t±Vlt:— ifeU, (5/6) TiSia^tC 
V2H— ifeT£ 0 3>/1U-^5 2 5 b\ZZ\<D (1/ 
6) T<D$^5>^£«fctt!LTffi;*J 1 ©*£3e£Sg 
tB£0 U 3>/\'U-^5 2 6 btedCD (5/6) T<7) 

^< 5>^&ttajLTffl* (^2coi§®%^^m^) -t 

/t;UX*IIKSffiElel2&5 3 1b, 5 3 2 h<Dtitfi (c o 
1, c o 2 ) teD - FF 5 3 7 b, 5 3 8 b«t7hA 

^ssTF-fcatttsan, ^ne>©D-FF€:^->JK!8c-r 

;ni:J;0^7f 5 17b. 5 18b^>^H 
§ft5 0 9 b, 5 10 b<7)^£;&^U 

[o i o 4] mz<DmM%$Lmt, ^cltclki 

^u^l^oT^e (3/6) TiKjB&C/WXSrffi* 
t5. ^^<5>7teCLK2^£^±^oT^b 

(9/6) Tjgjas&nffi^-rs, fcr, /^pxwhse 

[HjggS 3 1 b-5 3 2 b, 5 3 4 btJ (4/6) T^K 
mmzn)V7s%:\&t}1rZ>Z\£\Zt£Z> 0 «S*<tLTiif&gg 
(D^3CD^^«, 7>^>3 -y h * 7;|/f/Hyu- 

^ 5 4 4 brftji$n§/^s^. mm (4/ 

6) T<DmB&Lmn£toJ]?2>Z£\ZU&. 

[0105] mm®<Df&3<DmmMm** w&n^n^ 
^^^z\tiz^o. mmnx&x^o Txte&tsmnz 

[0 10 6] *^Jfi^S8t3*3frtS515i5e^«©jl 
}£^rp1« (1/6) T, (5/6) T, (9/6) T<D 

®G>mjfcmM<Dfcfr&t>wtmmz%?LP>ti2>. 

0, (4/6) T. (8/6) TCOm^^it. 
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(2/6) T, (6/6) T. (10/6) T0I^ 

^^S^^-r^ch, (1/6) T, (5/6) T. 
(9/6) T^^^Ifeint^l. 0 
[0107] 4 1 

[0 10 8] Sf'&^T, $C^ft^5 5 Qte*mW<Dm 
f&S (2i8Hggg) , 5 5 1 tiT— F F , 6 0 2(i/WX 

li^A^s^, 6 o attaaaHFTfca. 

[0 10 9] i2 its, ■ri—r-f it^toS&cDig 1 CO 
^»^(7)i^^J^^T^<A^r-hT^^ 0 (a) 
te/^Xft^ (b) tt>ffg§£5 5 (c) (iT 

-FF5 5 ltli^^LT^. A^n^/^UXft^ 

(a) (Dmm&Tt-tzt. m&^5 s ocoai^ <t>) 

ttEIJW (1/2) T©Jej£ft£fc*. T-FF 5 5 1 
ti, iif&8&5 5 0^^>(D/i;i/X^A^-r^^icai^COA 
-f, d-^^JO^A^o fi^T, T-FF 5 5 1 COtH^j 

[oiio] tzl-tj lnfzmmm 
[oiii] (^n."^^itmm\B\^om2<Dmmm 

[0112] HtCfc^T, Sfe^ft^ 5 6 0 tt^ElslK, 
561, 562. 564, 5 6 5 \&X?)"r-*? \ZVcM L 

fc^sft^figL/jitJ 1 (fc^nraatLavr) ^x-r^y 

W, 567, 568, 570, 5 7 1 ^1. 5 7 
3, 5 7 4, 5 7 6, 5 7 7tlX-f7f, 5 7 9, 5 8 
0, 5 8 2. 5 8 3l^t'7 h0ry^;bf-^^O 

V 1 =- (K I o/C) • T 
CCX\ Io HHfl£X-f -yf7K 5 6 1 CD#^M^ 
T&£„ V 1 ^ftj$$ns<0 1 ^ S >^TC L K 
2*VWtK!8l;:&t). H8ltX< y^T K 5 6 2#;t> 

V 2 =- (SI o/C) • ( t - t 
l^oT, ^mto fr$V 1 tV 2 £V<D$f 

t d= (K/S) • T -(21) 



M^M-vf, 5 8 5. 5 8 7teU>AU-£\ 5 8 
9-5 9 2 (i/WXMftlllft, 5 9 3, 5 9 5tJD- 
FF, 5 9 7, 5 9 8ttSR-FF, 5 9 9(iORY- 
K 6 0 4H/^X^X^, 6 0 Sttili^SS^ 
6 0 6tt^r-^KA^if, 6 0 7tt^r-^S 

[0 113] *mfi^«Stt, 2ffl©®3g|£*»^^ 
^4. A^£n3/WX{f^c^#i£T£T££, Jgi 
CDj§&8££&tfSS2©S£Sg£&tt (K/S) TcDii 

[0 114] ifjStX<7f7H 5 6 1, m&S 6 7, 
X>fy^5 7 3tt, SSl©ilffi8il=g§<0Hffim/£V 1 £ 
3S£U iI^7f7H 5 6 2, §15 6 8, X-T 
yf5 7 4H ^l©S3g5fi4gg®7>y&V2S%^ 

[0 115] y^Ylyf 5 6 4, §15 7 0, 

X<7f5 7 6H »2©jg®^g<OHMm/EV3* 
^41, "lr^X-r 7f7K 5 6 5, §ft5 7 1. M 
>y^5 7 7tS, W,2<DmU%±Wl(Dy>Zf$LV 4*%$L 

[ 0 1 1 6 ] m 2 3 te, 7 s jx~5r-f Jt^iftlHlK©^ 2 CO 
^ffiJ#ffi©»feOT£3K-r^-f hT^^) 0 (a) 

te/VU7,mn (CLK) , (b) tt^EElKS 6 Oftti 

(CLK1) , (c) tt#ie©B&5 6 Ojffiffiai^ (CL 
K2) , (d) H^l©igSE3g^gg©iaffl[«l£Vl. £ 
l<0iI^±&©7>7i£V2, (e) tt^2©ig5£% 
4SflDHt«BEV3, &2<0jg&££&<Z>7>:/irv 

4, (f) \tT^-Tjttmm\E\&<nm2<D^MMm<D 

[0 117] #SS[aJ!&5 6 OtST-FFTSO, /WX 
fl^t (CLK) <0/tj^©A*ttt>(=-e©aj^SJEtto 
( (b) CLK1, (c) CLK2) 0 CLK1 

7nm^^r-^^nrt0<o A^£n3/wxf§-^ 

•••(19) 

8 izmffift^-^ — i/ZftXty < 0 C L K 2 rtVWtfcliC: 
u^iW^to t-rat, §ffi5 6 8<£>^/£V 

2ti^sc-c^sns. 

) -(20) 

[0118] SR-FF 5 9 7ttCLK205jr-&±75* 

o©^^>^ (T&t^fW t 0 ) T-fey h^n, v 

T. SR-FF 5 9 7©tH^/t;!/^#Stt(21)iC(C— Sfi: 
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Ry-h 5 9 9tH*tt. mmT. n)V*m (K/S) • 

[0 119] #fgHJ?<^a.-^it^[Hj&te, 

[oi2o] (7^-7^ it^mtHig&^fg 3 (Dmmm 

[0121] 0K&^T, 5 6 0 a ti^SB© 

£&, 5 6 1 a~5 6 6 a ttA^7 J -*fCj*iSJU£«S6* 
wftL&O (SStittfiltLttS-r) «-f7f7H, 5 
6 7a-5 7 2 a^l, 5 7 3 a — 5 7 8 a teX-f y 
3\ 5 7 9 a-5 8 4 att^t'-y h©fy^^r-^^ 
^JOM^X-f 5 8 5 a~5 8 8 aHn>/\°U— 

£\ 5 8 9 a-5 9 2 att/^X^I[5I?&, 5 9 3 a 
-5 9 6 attD-FF, 597a, 598atiSR-F 
F, 5 9 9 attORy-K 6 0 4 att/^MfA* 
SSS^, 6 0 5 a«tti*SS^ 6 0 8 figg^-r-^K 1 A 

77^, 6 o 9tt^f-^K2 xijrn^. 6iotiia 

[0 12 2] 4m<DW&m±^$:^AjT* 

<©jS5£3££S&tfS&3©ii&S^gtt (Kl/S) TCO 

t d 1 = (K 1/S) - T 

t d 2= (K2/S) • T 
[0127] SR-FF 5 9 7 afJfl C0iIS£^£g£O 

fflrt/U'XT-fe'j/ b£ti, ^2 0«®5e^gi©ffl*/i;i/ 
7tUt7h^ns. «oT, SR-FF 5 9 7 aC7)aS 
rt/WAJStt C (K2-K1) /S) ■ TT^^n^, 

2T(^l«1-§ 4 ^TORy-h 5 9 9 a&Jl 
fct, EMIT, /WXflS ( (K2-K1) /S) * 

mmmmteT^-Tjit c (k2-kd /s> co&^ 



(K2/s) T©ii^Bg*ig*-rs. 

[0 12 3] y^TU-i 5 6 1a, §1567 

a, X-T«y^5 7 3 ate, £ 1 ©iI3£38£gg©0HimflE 
Vl«l, ^fittX-Yy^rU-Y 5 6 2 a, §15 6 
8 a, X<^5 7 4 aH, S 2 ©i!&§g£&©WiM 
ffV2^4l, MM7f7K 5 6 3 a, §ft5 

6 9a, X-f7?5 7 5 aH fg 1 , m2©a3ffi3E^g 
<O#fi(05>7ifc®J£V3 £38±*r£. 

[0 12 4] «flKX< y^TU-f 564a, §15 7 0 

a, x-r 7 6 att, £ 3 <nmmm%Lm<Dmmmi£ 

V4»l, tlX-f7f7H 5 6 5 a, §15 7 
la, X^f-yf5 7 7 aH IM<OiI®S£ffi<0iaM 
J£V5£3B±U Sl7-fyf7K 5 6 6 a, §S5 

7 2a, X<^y^5 7 8 ati, 3 , f!4 <DmM%±%* 

[0 12 5] 0 2 5te, xi— r-<Jt^lftlelBS©^3© 
HJfi^fil^l&^WSr^-r^^A^v- (a) 
fi/ti^i^ (CLK) , (b) \tmm&5 6 0 afcH 
77 (CLK1) , Cc) tt^ffilalKS 6 0 a©j£fflttJ^j 

(CLK 2) , (d) tt®l<©ji®^Sg©IWM«IEV 
1, 25 2©iSa£B£S<0Hte«!£V2, 311. 3S2 0Dii 
®^^lff(7)7>y^V3, (e) 3 ©iI&f&£ggC!> 

3, #4<Z)«i5S£&<07>yj&V6 (f) tex^-^ 

[0126] 7 j v&mm&nft 2 vmffifmv 

>^ti^2, ffS4©ii®fg£STfc5£;*ftS. fgl, IB 
3 <7)iI3£%£^cDjgiP#P B 1 t d 1 ttggJtx-* K 1 , S 

-(22) 
-(23) 

[0 12 8] ^B^Xi-T^ it£ife@88tt, #3gifl 
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[0129] (PLLffi&&->>-fe-!M1f) i26H 

p l l k&»"> >-fe-y--f if <d£ 
[0130] sh&^t, g^ra^ 6 1 1 immmnx 
Km?* 6i2ttaj*sf, 7oottfl:ffia:Kj», 70 
m;u-:/:7^;u^\ 7 o 2 t;Mffi&ifljf£JS8& (vc 

o) , 7 o 3temfe<Dftm%i<Dttm^ 7 0 4i*mfefk. 
[0131] ^mmmm(DPLLm^iyy-t^^f 

ct^Wo z\<D£oizttm^timi£m^v>m 

%>l&Zh : I Nakagawa and T. Ohira, "A pha 

se noise reduction technique for MMIC frequency sy 
nthesizers that uses a new pulse generator LSI," I 
EEE Trans. Microwave Theory Tech., vol. 42, no. 1 
2. pp. 2579-2582, Dec. 1994.) X\Z, fl^Sit&ffiJfc 

^t<Dm\zn^^m^^wx't^z\tx\ mm*. 

xr$(Dm^m<nm&m^m^<Dmmiz-^T^te 
[0132] z\n\zn\^T, ^mw&mizmzmmmx 

[0 13 3] 

[0 13 4] #^0M&i^>>^+M'-tm. 



mjj&£&mm&§kwim^mx&z>. 
[oi3 5] *%mvMfeMHt* *mmzfuvy~?-7 

[0 13 6] #3E^<0^a-^>r Jt&ifclS&fcL 

m.^mt^x^mmmx^m<D^a.-v-^\tf)m^ 
to i 3 7] *ie^©PLLjgiSft-»-fe-y-fiftj, * 

^eW©jl(gS^3fe©PLL^»^>*-^-f-!f©^ 

^iktf^mzte&m^rffo&o ^mm<DPL 
[si] *f&m<D7a#7^7)v&}&fe±&<Dmi<o& 

[EI3] 3[cfeW©^o^7V^;ug5i5e±g©SB2©^ 
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[0 4] "7u>fy'?-7)VmM8&&&<r>&2m 
[0 6] A U-^ 4 0 AOif JSiSKit 5 



[0 7] MfflfeSfc^V-fe-y-f -tfCO^ 1 CO^ffi^ffl 
A^-f- ho 

[0 8] «&fti/>1rit<1f<D^l<D^fig^l80^«i|g 
H£^T0o 
[09] ^«jB*(C*5JtSffl^0^X^^ 

0 O 

[010] *%w<Dm&&i'>tt<ife>m2<D$mM 
[011] *^s^©^Kftv>-k-t*-f ■tfojga^js^ 
[012] ^©^Q^^v^uiijsie^ffiop^js 

[013] fl£3f6©^n^5vy;i/®3i£ie^g§©i!F^J* 

[014] ^mnvmmmom i ^mmmm^^ yu 

[015] jifgS©^K©^J£^S8<75ftf^WS:^-r^^ 
[016] *%W©jHSS<0|g2©^Jfi^lSi€:^-r^n 

y^0 8 

[017] Mi%3$<D^2<DMMBM<DmimZK-r?^ 
A^i—K 

[018] *fiw<ojii&s©m3©iijj!i^ag$^-ryn 

[019] jifgg§©^3©^Jfi^ffi©i!FfPCT«:^-r^< 
[02 0] *3S^<Ofi-f-f Jt^JftlslK©^ 1 <£>H£6 

[02 1] &&m\Bi$&cDmi<Di 

tf^J£^T^<A3^- K 
[02 2] *^W©7 r i-T--<lt^iftlHlK©®2©^ 

[02 3] Tn.-y u ^}t^M\3lffi<Dm2 0)mffim 

[024] *mm^^-Tj&mmn<DW,zm 
[025] ^zL-^^itmm^<Dm3(Dmmmt 

[02 6] ^gfi^OPLLra^Ki/^-felt-flf©^ 
8l£^T7a^0 o 

1 OA, 1 OB yy^mttEM^ 

2 OA, 2 OB BiMBJI38£lHil8 



11.21 r-^tl/^^ 

12.22 ^y?- 

13.23 fHfifiX-f-y^rU-f 
14,24 

15.25 ^ft 

16.26 nm^y^ 

17,27 

3 l 

3 2 

40A, 40B, 40C 7 + zlAU-^ 

4 1 A, 4 1 B, 4 1 C 

42 A, 42 B. 42C yyy^ 

50 A, 5 0 B, 50C =r-9W®M$s 

60 A, 60 B, 60C fMflsI& 

7 0 y*u7y^y-)vmi&m3L%$r 

8 1 h U #(eI& 
8 2 Qftftg 

8 3 &m 

84 X-f^ 

8 5 77f 

8 6 D/A&ifeffi 

8 7 ziynv— 9 

8 8 7>ya7h 

1 0 1 sm*-x»WM-A?7^ 

102 ^r-^SAMf 

103 sffi'jy-^m^AassB 1 

2 0 1 K#K^-^;Ufi^A^7^ 
2 0 2 i^T-^KA^Sf 

2 0 3 KiiJU-^M^-A^^T 
30 1 ZuyZKfynft 

302 tts^m^m^ss^ 

40 1 O-^m^Af}^ 

4 0 2 bVXmfjrAJjtiff- 

4 0 3 yy^-mnAt}^ 

4 0 4 SS^-^A^SIffP 

4 0 5 tH^wm^^T 

500, 500a, 500b ^Setelj^ 

501, 501a, 501b MiM^yy^ 

502, 502a, 502b nttLTs'f y?- 

503, 503a, 503b WM^yy^ 

5 0 4 a MifcX-f yy^ 

505, 505a, 505b MiUX-iyy^ 
5 0 6, 5 0 6 a ^tfEX-f y? 1 

507, 507a, 507b M^-iyy^ 
5 0 8 a WU^-iyy^ 

509, 509a, 509b m&. 

510, 510a, 510b 

511, 511a, 511b mm 
5 12a 

513, 513a, 513b ^ffi 
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5 14, 
5 15, 
5 16a 
5 17, 
5 18, 
5 19, 
5 2 0 a 
5 2 1, 
5 2 2, 
5 2 3, 
5 2 4 a 
5 2 5, 
5 2 6, 
5 2 7 a 
5 2 8, 
5 2 9, 
5 3 0 a 
5 3 1, 
5 3 2, 
5 3 3 a 
5 3 4, 
5 3 5, 
5 3 6 a 
5 3 7, 
5 3 8, 
5 3 9 a 
5 4 0, 
5 4 1, 
5 4 2 a 
5 4 3. 
5 44, 

5 5 0 
5 5 1 
5 6 0, 
5 6 1, 
5 6 2, 
5 6 3 a 
5 6 4, 
5 6 5, 
5 6 6 a 
5 6 7, 
5 6 8, 
5 6 9 a 
5 7 0, 
5 7 1, 



5 14a 
5 15a, 



5 15b 



5 17a, 517b 
5 18a, 518b 



X-iy^ 



5 19a, 519b 

X-T-y^ 
521a, 521b 
5 2 2 a X-f«y^ 
523a, 523b 

X-f *y5P 
525a, 525b 
526a, 526b 

528a, 528b 
5 2 9 a Zi>/iU— 9 

5 3 1a, 531b 
532a, 532b 

534a, 534b 

535a /vvxmm 

537a, 537b 
538a. 538b 

D-F F 
540a, 540b 
5 4 1a D-FF 

D-FF 
543a. 543b 
544a, 544b 

T-FF 
5 6 0 a 
5 6 1a 
5 6 2 a 



mM7,^y=5-7V1 
5 6 4 a nmx-l 7f7H 
5 6 5 a mk^y^TV^ 

5 6 7 a M 
5 6 8a sgS 



X-iy^ 



/vixmmt 
/vixmmi 

D-FF 
D-FF 

D-FF 



OR^r-h 



5 7 0 a 
5 7 1a 



5 7 2 a 
5 7 3, 
5 7 4, 
5 7 5 a 
5 7 6, 
5 7 7, 
5 7 8 a 
5 7 9, 
5 8 0, 
5 8 1a 
5 8 2, 
5 8 3, 
5 8 4 a 
5 8 5, 
5 8 6 a 
5 8 7, 
5 8 8 a 
5 8 9, 
5 9 0, 
5 9 1, 
5 9 2, 
5 9 3, 
5 9 4 a 
5 9 5, 
5 9 6 a 
5 9 7, 
5 9 8, 
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